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PREFACE

This report is a brief survey of
heating, ventilation, and air conditioning
(HVAC) 2quipmant that could be applicable ‘for
a modular integrated utility system (MIUS).
It is on2 of a series of subsystem surveys
prepared by the enqgineers of the Urban
Systems Project Office (USPO) under the
direction of Jerry Craiqg, Deputy Manaqger of
USPO. A short, rigorous time schedule was
established to obtain and compile this
initial material so that maximum program
emphasis could he placed on systenmns
integration and optimization in MIUS. The
report has two purposes: to familiarize USPO
@ngineers with the state of the art in this
field and to scan and document the types of
equipment that appear most adaptable to MIUS
applications. This report is not inteanded to
be a guantitative, cowprensnsive, or
exhaustive technoloqy assessment but rather a
compilation of first-look information
considered significant by USPU engineers
engaged in MIUS HVAC design. It represents
the initial effort in a continuing tecanology
evaluation of a vital MIUS subsystem. It is
hoped that further results of these studies -
will be documented in later MIUS design and
development reports.
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COORDINATED TECHNICAL REVIEW

Drafts of technical documents are reviewed by
the agencies participating in the Department of
Housing and Urban Development {HUD) MIUS Progyram.
Comments are assembled by the National Bureau ot
Standards (NBS) Team, HUD MIUS Project, into a
Coordinated Technical Review. The draft of tnis
publication received such a review and all comments
were resolved. -
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TECHNOLOGY EVALUATION OF HEATING, VENTILATION, AND
AIBR CONDITIONING FOR MIUS APPLICATION

By William L. Gilil
Lyndon B. Johnson Space Center

SUMMARY

This report describes candidate heating, ventilation,
and air-conditioning systems and madjor components associated
With supporting these systems. The various types of air-
conditioning machinery that are available for use in modular
integrated utility systems (MIUS) are enumerated; the
advantages and disadvantages, as applied to MIUS, are
considered.

- Heating boilers are discussed briefly because they will
be used only to augment recovered heat from MIUS prime mover
systems. Building space-heating methods including fan coil
units, electrical heating, gas, infrared, and solar heating
are also discussed. The use of the heat puip to provide
both heating and cooling is examined. Other items
considered are heat-rejection, air-distribution, and
ventilation requirements and techniques together with
humidity control, air filtration, and odor control. A brief
discussion of overall system control requirements and NASA
research and development technology applicable to this area
concludes this survey of the state of the art.

A combination of compression and absorption air
conditioning together with the use of recovered engine heat
for space heating appears to be the most efficient means of
supplying cooling in a building complex served by an MIUS.

INTRODUCTION

The purpose of this report is to describe,
qualitatively, the technology of modern air~-conditioning
systems. Air conditioning can be defined as a process of
controlling, simultaneously, the temperature, humidity,
cleanliness, and distribution of air. These factors



determine energy requirements for comfort heating or winter
air conditioning and comfort cooling or summer air
conditioning.

This technology description is written to relate air-
conditioning systems to the modular integrated utility
systems (MIUS) concept. Air-conditioning systems are
designed to serve a dwelling complex as shown in fiqure 1.
This technology assessment indicates the major components of
the air-conditioning system and notes some of the aspects of
{1) the state of the art, (2) hardware status, (3) number of
installations and operating experience, (4) reliability and
maintenance, (5) operational life, and (6) application to
the MIUS concept.

The MIUS system provides comfort heating, cooling, and
domestic hot water. Most of these requirements are met with
heat recovered from the power-generation equipment and the
solid-waste treatment process, but additional heat may have
to be generated to meet all demands.

Energy for heating or cooling a dwelling unit must be
transported by a distribution system from the MIUS. The
energy is delivered by water pipes and electricity. At the
dwelling unit, this enerqy is transferred by heat exchangers
to the air.

Heat-recovery equipment salvages heat from other MIUS
subsystems and makes it available for other uses. Sources
of recoverable heat are the power-generation, incinerator,
and sewage-processing systems. Consideration can be given
to recovering heat from various building/household sources
such as appliances, lighting, and hot water drains.

The heating, ventilation, and air-conditioning (HVAC)
system may incorporate energy storage and conservation
techniques., The primary function of the energy storage
system will be to synchronize the availability of heat
energy with the demands of the space heating/cooling and
domestic hot water systems. The heat-rejection systen
rejects heat from the heat-recovery water loop and other
heat loops.

Electrical and mechanical controls are provided to
automate the operation of the HVAC to maintain a preselected
environment within dwelling units, to provide for a
malfunction detection alarm, and to meter critical operating
parameters,

The humidity control system provides humidity control
within the dwelling unit during all seasons of the year.
Air filtration and purification are provided in the dwelling



unit. Filters are used for proper control of contaminants
within the fluid loop.

Noise control techniques will be used to attenuate
noise to levels consistent with human comfort. Details of
design specifications are contained in references 1, 2, and
3. The odor control system will provide the capability of
controlling odor within the dwelling unit.

Total energy systems were evaluated because of their
similarity to the MIUS concept. A total enerqy system is
one that generates electrical power and uses the recovered
heat from the power-generation equipment for space heating,
confort cooling, and domestic hot water heating. Eight
total energy sites inspected during the preparation of this
Ieport are described in table I.

In conducting this technoloqy survey, several coampanies
were contacted and visited. The discussions with these
firms provided relevant information concerning the air-
conditioning systems in use today anrd the applicability of
these systems to MIUS. A listing of these contacts is given
in the appendix.

COOLING SYSTEMS

This'section is a summary of various techniques used
for comfort cooling a single dwelling or a dwelling complex.

Vapor Compression Refrigeration Cycle

The vapor compression refrigeration machine is the most
common type cooling system used throughout the United States
today for residential and commercial comfort cocling and for
food refrigeration. 1In the compression cycle, a mechanical
compressor is used to compress refrigerant vapor from the
evaporator and deliver it to the condenser where it is
liquefied. The vaporization heat is absorbed by the
condenser-cooling medium (water or air at normal
temperatures) . The liquid refrigerant is fed back to the
evaporator through an expansion valve. 1In the evaporator,
heat is absorbed from the thermal transport mediun by
evaporation of the refrigerant, then the cycle is repeated
(fig. 2).

The key component of this system is the conpressor. It
can be open (external drive through a coupling belt) or
hermetically sealed (compressor/motor in integral housing)
and may be either a positive displacement or a centrifugal



type. The positive displacement compressor may be a
reciprocating, rotary, or a helical rotary (screw) type.

Reciprocating compressors operate at low speeds of
approximately 3600 rpm and are favored for cooling
capacities below 200 tons. Centrifugal compressors operate
in multiple stages at speeds of approximately 6000 rpm and
are suited for capacities from 100 t¢ several thousand tons.
For large cooling demands, vapor compression refrigeration
machines may use either reciprocating or centrifuqal
COmMpPressors.

In general, there are three methods of driving the
compression units.

1. Electric motors are commonly used for smaller
applications (individual units for residences and '
apartments) but are also found in large-capacity
applications.

2. Diesel, natural gas, or gas turbines are used for
installations where air-conditioning requirements are
greater than 60 tons. Diesels typically deliver
approximately 2 ton-hr of compression refrigqgeration per
pound of fuel.

3. The steam turbine is used for apartment complexes
that contain more than 2500 apartments. 1In this size plant,
the steam turbine generation is sometimes used for power
generation as well as for the air-conditioning compressor
operation.

The advantages and disadvantages of the compression
chiller are as follows:

Advantages Risadvaptages

1. State of the art is 1. Hermetically sealed

well advanced. compressers are difficult to
repair.

2. Availability of the
large variety of units pro- 2. Some prime mouver/
vides for close matching compressor combinations are
for all applications. noisy.



. 3. Performance charac- 3. Compression units
teristics are readily avail- cannot be operated directly

able. Electrical operating by recovered heat. Con~
enerdy requirements. range pression units do not
from approximately 0.67 to operate shoothly over an
0.90 kWe/ton of air entire load range.

conditioning.

4. Unit equipment costs
range from $130/ton at
120 tons to $60/ton at
600 tons. (Installation
costs must also be added
to these estimates.)

Vapor Absorption Refrigeration Cycile

In the vapor absorption refrigeration cycle, heat acts
directly rather than through a prime mover to move the
refrigerant through the machine. Absorption refrigeration
machines available today use either lithium bromide and
water or ammonia and water. In the lithium bromide/water
combination, the water acts as a refrigerant and the lithium
bromide (salt solution) acts as an absorbent: in the
ammonia/water combination, ammonia is the refrigerant and
water is the absorbent. Temperatures below 273 K (329 F)
can be achieved with the ammonia/water cycle without
freezing the refrigerant.

Both refrigeration systems have about the same
coefficient of performance (COP) (0.60 to 0.67); that is,
they require approximately 18 000 to 20 000 Btu of heat
input per ton of refrigeration produced when used in an air-
conditioning application. Because of refrigerant freezing,
the lithium bromide absorption system cannot be used in
applications in which the refrigerant temperature is below
273 K (329 F). The principal advantage of the lithiunm
bromide system is that the pure absorbent material is
nonvolatile, . This characteristic permits a simple still to
be used in the generator that separates the refrigerant from
the absorber. 1In the ammonia cycle, which also requires a
relatively pure refrigerant in the cooling loop, a
fractional distillation generator is required. The systen
is therefore more complex and usually contains more heat-
exchanger equipment. The lithium bromide cycle is usually
favored for air-conditioning applications.

The operation of a typical commercially available
absorption system using lithium bromide and water is shown
in fiqure 3. Chilled water flowing from the conditioned air



space releases its heat to the refrigerant (water) in the
evaporator tubes where the refrigerant evaporates and is
attracted and absorbed by a strong lithium bromide solution
that flows over the absorber, thus cooling the water tubes.
The diluted solution at the bottom of the absorber is punmped
through a regenerative heat exchanger to the generator.

This diluted solution flowing over the hot generator tube
(heat energy source) is vaporized, thus concentrating the
solution. This concentrated solution flows by gravity and
pressure differential through the reqgenerative heat
exchanger to the absorber section. Refrigerant vapor
released in the generator flows to the condenser where it is
cooled and condensed. Condensed refrigqerant flows by
gravity and pressure differential through a restrictor to
the evaporator, and the cycle is repeated (fig. 3).

Absorption units are available in sizes ranging fron
approximately 100 to 1600 tons. The absorpticon equipment
now available represents more than one-fourth of all the
refrigeration units sold in the 100-ton and larger
capacities.

The absorption unit is in widespread use with diesel
engine power-generation equipment. The heat recovered from
the engine and supplemental heat from boilers are used to
operate single-stage absorption units. Using stean (1.03 x
105 pascals (15 psiq)) to operate the single-absorption
units requires approximately 18 000 Btu/ton of refrigeration
based on typical absorption units currently in production.
Absorption units are also operated with high-pressure hot
water at approximately 394 to 422 X (250° to 300¢° F}. One
manufacturer, the Arkla Air Conditioning Company, advertises
a unit that can be operated with inlet water temperatures of
372 K (2710° F) and with a COP of 0.65. A review of other
manufacturers' (Trane, York, and Carrier) catalogs indicates
that their units will alsc operate at these off-design
points; however, operating in the low-temperature reqine
results in less heat transfer in the generator. At typical
coolant outlet temperatures of 277 to 279 K (409 to 440 7y,
the capacity of these machines is reduced to approximately
70 percent of those operating with 1,03 x 105 pascals (15
pPsSig) steam. Corrosion effects usuvally limit the exhaust
temperature in heat-recovery equipment to 422 K (300° F) or
higher; therefore, lowering the operating temperature of
absorption refrigeration units will not in itself result in
more heat being recovered from the pPrime movers. There
should be a higher capital cost associated with operating
equipment at lower temperatures because of their inherent
lower capacity and because larger heat exchangers must be
used in their generator sections.



Recently, two-stage or double-effect absorption air
conditioners have been made available by one U. S.
manufacturer, and other companies may soon offer similar
equipment. - These two-stage machines operate nominally on
7.58 x 105 to 8.62 x 105 pascals (110 to 125 psig) stean.
The corresponding operating temperatures are 449 to 460 K
(3509 to 3709 F). These machines operate with a COP ranging
from 0.85 to 0.95 and require a heat input of 14 000 to
12 600 Btus/ton. Information in the Trane catalog indicates
that the machine will operate at steam pressures as lov as
3.45 x 105 pascals (50 psig) or approximately 422 K
(300° F). Capacity is reduced by approximately 60 percent
under these conditions. The higher operating temperature of
the refrigeration unit will result in lower heat recovery in
2 prime mover exhaust-recovery system because of the higher
temperature steam requirements of the double-effect machine
compared to the single-effect unit. Preliminary estimates
indicate an increase of 10 to 15 percent in the amount of
refrigeration produced by double-effect absorption
refriqeration units operating at nominal conditions from
waste-heat-recovery toilers compared to single-effect
machines. Capital cost estimates are not available at this
time for performing trade-off analyses between single- and
double-effect machines. 1In general, double-effect machines
do not produce a very much larger amount of refrigeration
‘per unit of available recoverable heat from prime movers,
and a trade-off study will be needed to evaluate both power
and capital costs of competing single- and double-effect
systems considering all equipment from heat-recovery to
heat-rejection systenms.

The advantages and disadvantages of the absorption
chillers are as follows:

Advantages Disadvantages

1. Waste heat from o 1. Efficiency is
electrical power genera- jeopardized when waste heat
tion in the form of low- quantity becomes marginal.
pressure steam (1.03 x 10°%
pascals (15 psig)}) or high- ) 2. Sensors and auto-
temperature water (394 K mati¢ controls are necessary
{(250° F)), approximately, for carefully controlling
can be used as the primary operating temperatures to
energy source to run single- neet acceptable performance
effect absorption machines. levels.



2. Complete automatic
controls provide for smooth
throttling characteristics
throughout the entire range
from 0~ tc 100-percent
capacity.

3. The chillers pro-
vide for rapid responses to
load changes and are guiet
and free of vibration.

4. The simple design
results in a longer opera-
tional life than that of a
compression unit.

5. A safe and inexpen-
sive refrigerant (water) amd
a permanent, .nontoxic,
nonflamnable salt or
absorbent can be used.

6. The costs are
competitive with compression
units. The equipment
costs range from $145/ton
at 120 tons to $80/ton at
600 tons, free on board
at the manufacturer's plant.

3. Excessive leak
control is necessary to
maintain qood performance
under full and partial load
conditions.

4. Corrosion problens
result from the use of
lithium bromide salts.

5. Freezing is a poten-
tial problem if the evapo-
rator temperature gets too
low.

Compound Refrigeration Systen

In compound systems, two Or mOre COMPresSsOrs are
combined in series, thus providing the capability of
reaching lovwer temperatures than possible with one

CONPCESSOr.

In general, these compound systems are for

heavy-duty service and are not the type required for MiuUs

use.

Cascade Refrigeration Systen

In this systen,
connected in series.

two or more condensing units are
Because cascade systems are used

primarily in industrial processes in which it is necessary
to cool objects or space to temperatures considerably below
zero, they are not applicable to MIUS requirements.



Steam-Jet BRefrigeration System

The steam-jet refrigeration system is basically a
compression system using a steam ejector to vaporize water
at low pressure and to compress the resulting vapor. The
water remaining in a liquid state after vaporization is
chilled and can be used as a refrigerant. Because the high-
pressure steam delivered to the ejector must be condensed
together with the vapor resulting from the evaporation, the
amount of heat to be rejected is two or three times greater
than that rejected in the mechanical refrigeration cycle.
Using a condensing temperature of 311 K (100° F) and a
chilled water temperature of 281 K (45° F), a steanm
consumption of 26 lb/ton~hr is typical of the comfort:
cooling application when using 6.89 x 105 pascals {100 psig)
of saturated steam. Attempts to adapt the heat-inqjector
cooling system to trucks and automobiles were abandoned
because system efficiencies were too low. This systen,
therefore, does not appear to be adaptable to MIUS
requirements.

Evaporative Cooling

- In this technique, air is cooled by allowing water to
be evaporated into it. As the water changes to vapor, the
latent heat of vaporization is extracted from the
surrounding air. In those areas where it is
climatologically feasible (i.e., dry, arid climates), this
technique is in common use, and hardware is economically
available. Evaporative cooling should always be considered
for MIUS in those locations where a hot, dry climate is
encountered.

Thermoelectric Refrigeration Systen

In this system, the Peltier effect is used to pump heat
directly with electricity. Compared with conventional
compressor units, this refrigeration system has a low
thermal efficiency. The primary application has been for
comfort cooling of nuclear submarines. Even with the latest
advancements developed by Government funding and research,
the cost of the thermoelectric equipment is significantly
more than the absorption or compression equipment.

Cooling Systems Conclusions

The absorption unit is desirable for cooling systems
because high-temperature water or low-pressure steam can be



used directly; thus, it is the only system available for
using recovered heat from the power-production system. This
machine can be used in relatively small applications. The
compression units are normally powered by an electric motor
for small capacity plants; in larger sizes, steam or diesel
engines can be used to drive the compressor.

The physical size of the absorption unit is normally
larger than the compression unit because a relatively large
evaporation unit is needed. 1In a system where space is
critical, this size may be a significant disadvantage. Both
the compression and absorption units are readily available
in the capacity ranges being considered for MIUS. _
Reliability of the absorption unit is generally hiqher than
that of the compression unit, and the absorption unit
requires less maintenance because it contains fewver mOVing
parts. Based on these considerations, it appears that
combinations of both the compression and the absorption
units are prime candidates for MIUS use.

CENTRAL HEAT GENERATION/RECOVERY

Comfort heating or winter air conditioning can be
accomplished by heat transfer from an enerqdy source to a
conditioned air space.

Heating Boilers

Heating boilers are classified in two general groups:
(1) sectional cast-iron boilers (fire tube) and (2) steel
firebox boilers (water tube). Cast-iron boilers are
normally limited to 1.03 x 105 pascals {15 psig) stean
pressure and 2.07 x 105 pascals (30 psiq) water pressure at
a temperature of 410 K (279° F) with an output ranging to
2 500 000 Btu/hr. Most modern fire-tube units operate at or
below 1.72 x 106 pascals (250 psig) and below approximately
9100 kg/hr (20 000 lb/hr) of steam. Modern water-tube
packaged units have steam capacities as large as 27 200
kg/hr (60 000 1b/hr} and pressures as large as 6 200 000
pascals (900 psig). Fuels for the fire-tube and water-~tube
boilers may be o0il or gas or a combination of these. Cast-
iron boilers are also designed to operate with coal.

Cast-iron steel boilers are suited for low pressures
{less than 1.03 x 105 pascals (15 psig)), and a licensed
operator is not required during the operation of boilers at
pressures less than 1.03 x 105 pascals (15 psiq). These
boilers are used principally in small heating and industrial
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Plants., Both fire-tube and water-tube steel boilers can
supply high~pressure steam. High~-pressure steam boilers are
readily available in sizes and ratings to meet KIUS
requirements but generally are used in special jJobs in which
hot water or other types of heating are not practical.

Steam heating can be affected by a one-pipe distribution
system in which the condensate returns in the same pipe;
however, the two-pipe system (condensate returns in a
Separate pipe) is more common. One method for estimating
the capital cost of low-pressure boilers is the boiler
rating (in MBtu/hr) plus 400 equals the cost of the boiler.
Thus, an 800 MBtu/hr boiler is estimated to cost
approximately $1200. This estimate is for a cast-iron
boiler based on 1968 pricing.

Steel boilers may be the fire-tube or water-tube type.
In the fire-tube boiler, the hot gases pass through tubes
that are surrounded by water as opposed to the water-tube
boiler where the water passes through tubes that are
surrounded by hot gases. Because of the large amgunt of
water contained in the fire-tube boiler, the boiler provides
sSome2 reserve storage and never yields better than averags
performance under fluctuating load conditions. Both types
of boilers can be designed with inteqgral water-jacketed
furnaces or provided with refractory-lined brick fire-box
walls. Steel boiler capacities range from those required
for small residences to approximately 23 500 MBtu gross
output. )

The use of steam for heating is not the preferred
method becaus2 such systems are noisy, require traps and
other extra equipment, and usually have higher maintenance
costs than water systems. Steam can augment recovered heat
input to absorption refrigeration, however. 1In the hot
water systems, temperatures range from 355 to 478 K (180¢ to
400° F). The two basic hot water system types are direct
and indirect.

In the direct system, an expansion tank is provided to
expand water as it leaves the boiler. This hot water is
then pumped through a distribution system to the air space
heat exchanger and back to the boiler for reheating. 1In the
indirect system, steam in a heat exchanger raises the
circulating heating water to within a few degrees of the
steam temperature. The hot water is then pumped through the
distribution system and back to the heat exchanger.

One concept that should be considered is the use of a
series of smaller boilers instead of a few larqge ones. 1In
using multiple boilers, all boilers can run online at
maximum thermal efficiency. They are also highly reliable
and easy to maintain. Typically, oil- and gas-fired units

11



have a thermal efficiency of 75 to 80 percent at rated load.
Some of the advantages of using hot water boilers for MIUS
are as follows:

1. Easily available in wide temperature range

2. Serve as a versatile heat exchanger that can be
compatible with various forms of energy, including waste
heat ,

3. Low maintenance because the operating conditions
are not extrenme

4, Adapts to domestic hot water reqguirements
S. Fewer corrosion problems than with a steam systen

Consideration has to be given to the water treatment,
water makeup, and blowdown of the boiler systenm.
Multipurpose liguid treatments designed to control sludge,
corrosion, and scale formation are used in modern water
treatment for boilers. The blowdown of the boiler may be
based on a conductivity measurement that is an indication of
the concentration of dissolved solids. When this
concentration reaches a specified level, the boiler is blown
down; that is, some of the boiler water is drained off and
fresh water is added. The blowdown effluent is high in
dissolved solids and may be difficult to treat adequately in
the MIUS water-treatment system. Therefore, an alternate
method of disposing of this effluent may be necessary.

Recovered Heat

To conserve energy, heat will be recovered within the
BYIUS and reused whenever Practical. The primary sources of
this MIUS heat are fronm pover-generation and waste-
incineration equipment, and the major uses are for space
heating, domestic hot water heating, and absorption comfort
cooling. Potential uses for this recovered heat may be in
the areas of waste preconditioning and water treatment. The
techniques used in the rYecovery of this waste heat are
discussed in the folloving paraqraphs.

Thermal energy can be recovered from internal
combustion engines in the form of steam or hot water.
Because the operational Characteristics of the hot water
system have not heen clearly defined, the stean System is in
more commonh use. The availability of heat-recovery
equipment for hot water Systems is also much more limited
than for steam Systems. For several reasons, a hot water
System is more desirable in S0me cases than a steam systenm.

12



In some internal combustion engines, block coolant is
discharged at a temperature below 367 K (200° F). In the
Steam systems, the engines operate at approximately 389 K
(2409 F). The maintenance of a hot water system is usually
less than that of a steam system because the lower operating
temperature results in less damage to seals and valve seats.
In a steam system, hotspots can develop in the enqgine and
cause engine failure.

Low-grade heat (approximately 311 K (100° F)) may also
be recovered -from the comfort cooling system and the
lighting system. This heat is not sufficient for space
heating but can be used for preheating and reheating the
domestic hot water or preheating ventilation air. One
example of low-grade heat recovery is evidenced in the
Westinghouse offices in Pittsburgh, Pennsylvania in which
heat is recovered from the liqhting systems by a circulating
water system and used to preheat the domestic hot water.

Recovering energy from various sources within a
building complex may be considered for MIUS. The €nerqgy can
then be used for other processes or stored for later use.
Potential energy sources include appliances such as ranges,
refrigerators, and freezers; lighting systems; hot water
usage (dishwashers, showers, and clothes washers); clothes
dryers/furnace exhaust; and outlet ventilation air. This
recovered energy can then be used in the preheating of
domestic hot water and in heating space, sidewalks, and
swimming pools.

in general, the recovery and use of heat from domestic
processes has had little or not attention in present
building systems design. However, recent studies (refs. 4
and 5) identify domestic processes as potential sources of
significant enerqgy savings. The optimum system for
satisfying the total thermal requirements of a dwelling unit
consists of a combination of waste heat recovery and heat
generation from water.

SPACE~-HEATING SYSTEMS FOR BUILDINGS

Because a building space~heating system nmust use the
recovered heat from the power-generation equipment and other
MIUS sources, it must use some type of fan coil unit to
transfer the heat from the heat-recovery medium to the
dwelling unit space. The fan coil heating system and other
space-heating technigques and applications to the MIUS
concept are discussed in this section.

13



Fan Coil Units

Fan coil units are placed in the air-handling ducts and
transfer thermal energy from the hot water to the air
through finned tubes. This heating method is in widespread
use today in industry as well as in buildings with total
energy systems.

Electricity

In assessing the applicability of electric heating to
an MIUS installation, there are two points of consideration:
is this technique practical for total heating requirements
or should it be a supplemental heating source? From an
enerqgy conservation standpoint, it is obvious that the
electric heating technique is applicable to MIUS only for
supplemental heating (figqg. 4).

Compact electric heating units have been installed in
main supply or branch ducts of central~-fan steam and water
systems to provide the final temperature and relative
humidity required for comfort or process air conditioning.,
Electric heating systems are frequently used where
electrical power is inexpensive. There are many advantages
0f electric heating. The operation is extremely simple,
versatile, easily controlled, and clean at the point of use;
however, the amount of emissions at the point of daneration
could be higher than that from a local heating plant. The
operation is safe because there is no open flame.

Gas Heaters

Gas-fired air heaters can be installed directly in the
ventilation system of the building to be heated, whereas
combustion gases must be vented to the environment. Heating
units are inexpensive and readily available. Because the
MIUS concept dictates the use of recovered heat, gas heating
is best suited for supplemental heating use {fig. 4).

Infrared Heating

In a gas infrared heater, a material of high emissivity
is heated to a high temperature and becomes a radiant heat
source. An air/gas mixture is distributed uniformly over
the rear of the ceramic mat. As it passes through the holes
in the ceramic, the mixture burns just below the front

surface of the ceramic so that the surface of the ceramic is
heated to 1172 K (1650° F).
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In some installations, the gas-fired infrared heaters
are mounted overhead to direct radiation toward the floor.
Infrared heating may be used for supplemental heating in an
MIUus. .

Solar Heating

The solar flat-plate collector can be used to heat
domestic hot water. Most solar water heaters use the
thermosyphon principle to circulate water between the heat-
collection area (flat plate) and the sStorage tank without
Boving parts. Dust on the collectors, cloudy weather, and
clogging and scaling of Pipes have been the main problems in
using flat-plate collectors; however, since World War II,
materials and construction have been improved. Solar water
heaters are widely used in Africa and in the Mediterranean
area where sunlight is abundant. Unknown climate at the
site location make sclar heaters questionable for universal
MIUS application.

HEAT PUMP

Another energy conservation practice not previocusly
discussed in connection with heat rejection or heat is the
use of a heat pump. The heat pump is a year-round comnfort
air-conditioning machine that supplies cooling and heating.
The heat pump is a reversible system that moves heat in
either direction. This allows heat from some external
source to be delivered to the building during the heating
cycle or, conversely, the removal of building heat to an
external sink in the cooling phase. Generally, the thermal
cycle is identical to that of an ordinary refrigeration
process except that the evaporator and condenser can
exchange functions. Cycle changeover is accomplished by
valving, which reverses the process.

The three basic heat pump types are air to air, water
to air, and water to water. Although the air-to-air heat
pumnps are the most common, they are limited by their heating
capability during cool seasons. Additional heat can be
supplied to extend their operation area, but economical use
of these heat pumps is generally limited to areas where the
summer cooling load approximately equals the winter heating
load. In water-to-air and water-to-water heat pumps, the
added energy-storage capability of water is used for heat
recovery or rejection. Ponds, lakes, rivers, and vells are
some of the water reservoirs that have been used to provide
the heat pump cycles with a heat sink or source, thereby
extending their area of practical aoperation. ‘
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The heat pump appears to be an excellent energy
conservation system for MIUS applications because a low-
temperature thermal loop from an MIUS central plant can be
used as a heat source. Because applicable equipment is in
limited use, a complete technology assessment has not been
attempted.

ENERGY CONSERVATION, USE, AND STORAGE TECHNIQUES

Extensive use of enerqy conservation techniques is the
ultimate ckallenge to a successful MIUS program. Heat
rejection, energy storage, and heat-recovery systems must be
used harmoniously throughout the year. New conservation
me thods must be continually investigqated and introduced into
the design wherever practical. If energy storage can be
used, other equipment can be smaller because it is sized to
meet average rather than peak demands.

Thermal energy is not generated in an MNIUS 5ystem at
the same time it is demanded by the HVAC system. Storing
thermal energy until it is needed ensures maxibup enerqgy
conservation. Thermal energy can be stored in materials
using either the latent or sensible heat of the material and
recovered at a later time. Thermal energy can be stored
either above or below the ambient temperature,

The most commonly used material for heat storaqge is
water because it is plentiful and inexpensive. The
temperature range over which it is practical to use the
sensible heat of water for energy storage ranges from almost
freezing to boiling. Of course, the trade-off of
insulation, capacity, and surroundirg conditions must be
considered in any analysis of storage systems.

Several other mediums are prime candidates and in sone
cases currently in use for energy storage. Phase~change
materials, which have advantages over water, have been given
considerable attention recently. Salt hydrates are known to
have phase-change temperatures convenient for heating uses.
In addition to pure salt hydrates, eutectic salt hydrates
have been made that have phase~change temperatures in the
range of air-conditioning evaporator temperatures, which
makes them useable for low-temperature storage.
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An insulated tank with distribution pumps and pipes can
be used to store energy. If the storage and distribution
fluids are not the same, a heat exchanger is necessary. If
a tank can be located in the ground, insulation may not be
required. Although the advantages of energy storage systems
are obvious, costs may be prohibitively high. The size of
the storage container is often dictated by the available
area; as a result, higher capacity storage media are
continually under investigation. In MIUS uses for high-
density areas, enerqgy storage reservoirs may not be
feasible.

]

Energy storage systems are in limited use in present
building systems. These systems store hot water in the
winter and chilled water in the summer, often using the same
tank. Eutectic salt storage systems are being investigated
by the Army Mobility Equipment Research and Development
Center in Arlington, Virginia. The salts store energy
during low cooling demand periods and release the energy
during periods of peak demand. Eutectic storage systems are
manufactured commercially by Artech Corporation of Falls
Church, Virginia. 1In an integrated utility system, enerqy
storaqge is desirable, but extensive trade studies are
necessary to determine effectiveness.

BEAT REJECTION

Heat re]ectlon is wvital to a utllltY system. Three
general categories of heat-rejection devices that were
investigated for MIUS use were cooling towers, spray pohds,
and radiators.

Cooling Tower

The most common heat-rejection system used today is the
cooling tower. A cooling tower is a device that cools water
by evaporation. This is done by spraying or flowing the
water over a system of slats that break the water into
droplets. Cooling towers are categorized as atmospheric
towers, mechanical-draft towers, or hyperbolic towers. An
atmospheric tower is a spray~filled tower with louvered
walls and an elevated spray system. Some pnatural wind is
needed to carry hot vapors away. The cooling ability of an
atmospheric tower is limited to 10 K (15° F) above the
ambient wet-bulb temperature, depending on the velocity of
the wind. Water-coolinqg systems in which temperature
control regquirements are stringent do not readlly adapt to
wind-dependent cooling.
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The most prevalent cooling tower currently in use is
the mechanical-draft tower. This tower is equipped with
fans to provide constant airflow. The addition of the fan
makes it possible to design more compact towers with better
cooling control. Some recirculation of exhaust vapors can
occur under certain natural wind velocities and directions,
and this detracts from performance in an unpredictable _
fashion. These towers are available in almost any size from
small package units to large-capapity, field-erected,
multicelled industrial installations. Package units
typically range from 10 to 1000 tons. (An evaporative ton
is 15 000 Btushr.) The costs range from $65/ton to $14/ton,
respectively, free on board from the factory. Commercial
field-erected towers range from 50 to 1500 tons in single~
cell units. There is no limit to the total size of
industrial towers available. Many are in the 10 000- to
35 000-ton capacity range and can be installed for $11/ton.
Typical annual operating costs for commercial towers in the
100- to 1200-ton range total approximately $50/ton to
$30/ton. Total annual operating costs are given in
reference 6. The hypergolic or natural-draft (chimney-type)
tower depends on the difference in density of the heated air
and outdoor air to produce continuing flow through the
tower. Variations in the ambient temperature conditions
affect performance.

Spray Pond

Spray ponds are about the simplest and therefore least
expensive evaporative cooling devices used for industrial
water cooling. The pond acts as a ¢ollecting basin. If
much wind is present, significant amounts of water are liost
because of drift, which may be troublesome.

Forced~-Air Radjiators

The use of forced-air radiators for MIUS-tvpe
requirements has been limited. Forced-air radiators are
being used supplementally with cooling towers on the
Operation Breakthrough, Jersey City, site. When the
radiators are used without the towers, they often prove to
be inadequate on hot days because the lowest temperature to
which a radiator could cool the water would be above that of
the ambient air, which might be significantly higqher than
the maximum temperature of 303 K (859 F) for condenser water
for the absorption chiller. This means that, on hot days,

cooler makeup water must be mixed with the radiator outlet
water.
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Water Treatment

In cooling towers and spray ponds, the evaporation of
the water results in an increased concentration of dissolved
solids. This buildup would eventually affect the coocling
performance. The level of concentration can be sensed by
the water-conductivity measurement, and the cooling tower is
automatically blown down to maintain the desired level of
dissolved solids. LAlgae growth also affects performance of
evaporative cooling devices, but this can be controlled by
the addition of sulphuric acid to maintain a pH level
between 6.5 and 7. The closed eystem radiator does not have
the water treatment and makeup requirements of cocoling
tovwers and spray ponds, but initial treatment is necessary
to prevent scaling and corrosion.

Heat-Rejection Conclusions

It appears that heat-rejection for MIUS uses will be
accomplished by evaporative cooling to take advantage of the
tower temperature of heat refection. This equipment is in
common use; therefore, performance data and equipment are
price competitive and easily available. There are many
disadvantages in using cooling towers. Evaporation is the
principal mode of heat rejection. Under certain
meteorological c¢onditions, this vapor will condense on
leaving the tower, producing a haze or fog that can
interfere with traffic. The typical cooling tower loses
approximately 0.1 percent of the water being circulated in
it by drift, and this drift carries off dissolved solids.
These dissolved salts are hazardous to adjacent vegetation.
The highly aerated water combined with dissolved solids is
highly corrosive. The dissolved salts in the cooling tower
and the chemicals added to the coolant water to suppress
algae may present a liquid-waste-disposal problem. ' The
extensive use of baffles and the necessity for powerful fans
to aerate cooling water present noise problems that must be
carefully controlled. The use of radiators will have to be
considered in further depth to determine their applicability
to the MIUS concepts. The basic simplicity and simpler
water-treatment requirements of radiators are desirable
traits.

DISTRIBUTION SYSTEMS

The purpose of air distribution in warm air heating,
ventilating, and air-conditioning systems is to create the
proper combipnation of temperature, humidity, and air motion
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in the conditioned air space. To obtain confort conditions
within this space, standard limits have been established for
the acceptable effective temperature. This ternm comprises
air temperature, air motion, relative humidity, and the
pPhysiological effect of these conditions on the human body.
Any variation of one of these elements from accepted
standards may result in discomfort to the occupants. The
distribution systems discussed in this section include basic
air-conditioning systems and techniques for distributing
heating and cooling fluid media as well as the ducting
technique for air distribution.

Air-Handling Systems

Ailr systems can generally be classified as single duct
and dual duct with variations of these. Dual-duct systenms
consist primarily of a hot air duct and a cold air duct
arranged to serve mixing boxes throughout the building froo
the central conditioning systems within the equipment room.
The main advantage of the dual-duct system is that the
individual spaces served may be temperature controlled to
the requirements of the occupants. 1In addition to requiring
more ductwork, enerqgy is wasted in the dual-duct systenm
because both hot and cold air must be provided. Single-duct
systems have several variations, but the basic systen
accomplishes preliminary heating or cooling at the equipment
room, and the final temperature is controlled at the
distribution outlet.

Both single- and dual-duct systems can transport high-
pressure air and consequently have smaller cross-sectional
areas, which saves space and ducting material. The high-
pressure air is released through jets into a plenum chamber
where it is combined with the room air and then returned to
the room as conditioned air.

Insulations in duct systems can be either external or
internal. External insulations provide thermal insulation,
and the interior insulations provide sound as well as
thermal insulation. The interior insulation must be
designed to withstand the airflow.

Water Systems

Heat transfer in HVAC systems is accomplished with two-
pipe, three-pipe, and four-pipe arrangements that have
distinguishable advantages and disadvantages. The two-pipe
system, the most economical in initial investment, carries
either warm or cool water, depending on the outside
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temperature. The two-pipe system cannot provide extra
cooling on the sunny side of a building when the general air
temperature is adjusted for heating. If the temperature on
the shady side of the building is too low, nothing can be
done to increase it while the system is operating in the
cooling mode. The three-pipe system has a warm-water pipe,
a chilled-water pipe, and a common return. With this
system, individual air unit mixing boxes can raise or lower
temperature as the occupants desire. The four-pipe systen
accomplishes the same effect but has separate warm- and
chilled-water returns. The three-pipe system does not
conserve the enerqy required to heat and cool the iaitial
water supplies.

Heating/Cooling Modulation Techniques

There are four techniques used for modulating the
effective heating and cooling of the air space.

1. Waterflow through the fan coil unit is constant,
and fan speed is modulated. The constant transferring of
some thermal energy is a disadvantage of this systeun.

2. Fan speed is constant, and the waterflow through
the fan ceil unit is modulated.

3. Fan speed and waterflow through the fan coil unit
are both modulated.

4. Fan speed is constant. The ambient temperature is
measured, and controls are provided to mix the hot water
with amblent temperature water and feed the resulting
mixture through the fan coil unit.

Two techniques are used for controlling the airflow
rate through the distribution system to the individual air
space. In one method, individual dwelling units are fed in
series so that the flow to the first dwelling unit should he
the same as the flow to the last dwelling unit, Flow is
controlled by using different pipe sizes between the main
distribution line and the local unit in the dwelling. This
system is engineered in the initial design stages, which
does not provide for making later adjustments. The number
of pipe sizes used is an additional complexity factor.

Control valves are also used to adjust the airflow fron
the main distribution line to the heating or cooling units
in the dwelling unit. These valves usually are simple flow
constrictors that can be manually adjusted to make final
system flow adjustments.
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Distribution Systems Conclusioans

All the distribution system techniques discussed are
being used in state-of-the-art equipment. The four-pipe
system with control valves and constant-speed fan coils is
the prime MIUS candidate for distribution. The factors that
support this system as the prime candidate are as tollows:

1. The four-pipe system provides for simultaneous
heating and cooling in a building complex, thus providing a
nore flexible heating/cooling systen.

2. The use of manual air control valves provides the
capability for making airflow adjustments after systen
completion.

3. Systems that modulate waterflow are readily
available and provide more flexibility of operation than
air-flow modulating systems.

VENTILATION REQUIREMENTS AND TECHNIQUES

Ventilation involves replacing contaminated air with
fresh air. Air-conditioning systems are designed to control
the temperature, humidity, and air cleanliness within a
given space. The primary reason for ventilation is to
sustain personal comfort and to maintain the health of the
occupants. A desired objective of ventilation is to provide
an odor-free environment. The important considerations that
must be taken into account to provide an odor-free
environment are (1) activity of occupants, such as cooking,
smoking, deskwork, manual labor, et cetera, (2) air space
allowed per person, (3) odor removal capacity of the air-
conditioning processes, (4) temperature and relative
humidity of the room, (5) external pollution conditions, and
{6) hygienic habits of occupants (young people, 0ld people,
dogs, cats, etc.). Some design constraints relating to
odor-intensity production compared to ventilation flow rates
are as follows:

1. Outdoor air requirements can be determined by
gaging the odor produced.

2. Individuals emit varying amounts of odor.

3. Recirculated air can be rendered relatively odor
free by washing, humidifying, cooling, and dehumidifying.
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u, The odor varies inversely with the logarithm of
the flow rate of outdoor air supplies and directly with the
logarithm of air space allowed per person.

5. A healthy, clean person who is freshly bathed
requires 0.42 to 0.51 m3/min (15 to 18 ft3/min of air) to
dilute body odors.

6. Children require sliqhtly higher ventilation rates
than adults because of their higher activity level.

7. Carbon dioxide concentration is an unreliable
index of adequate ventilation because its concentration is
not proportional to the odor intensity.

Additional odors and combustion products are added to
an air space through cooking, smoking, and untreated outside
air. The established industrial standard for residential
flow rate is 0.71 m3/min (25 ft3/min) when the air space is
2.83 cubic meters (100 cubic feet) per person.

Ventilation requirements are satisfied by several
methods.

1. Infiltration results from air leaking into and out
of a dwelling unit around windows and doors, et cetera.

2.4 Natural ventilation is the movement of air by the
wind and air convection currents caused by temperature
differences between the interior and exterior of a building.

3. Induced ventilation is the transport of
unconditioned air by fans between the occupied space and the
environment. :

4. Forced air is the movement of air in ductwork
associated with air-conditioned heating and cooling systeams.
The ventilation mode of operation of these air-handling
units is provided by a damper to requlate the supply of
outdoor air being mixed with the circulated conditioned air.
The equipment used ranges from packaged air conditioners to
large custom-designed units integrated into a huge central
system serving an entire complex of buildings. 1In the case
of a packaged unit, the fan may be included as an integral
part of the equipwment. In large custom-desiqned plants, a
centralized fan system is often used to distribute
conditioned air. Separate supply, exhaust, and
recirculating fans may be used. Forced-air flow is )
controlled by one of two basic methods: (1) constant fan
speed where regulation is achieved by air-duct flow control
or (2) variable fan speed where the air pumping power is
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adjusted. Constant-speed methods are generally less
expensive and less complicated than variable-speed drives
but also tend to be less efficient. Factors affecting the
selection of unit ventilators are air capacity, air change
rate requirements, heating and cooling capacity, and flow
control.

Noise control is an important aspect of duct design.
Research in noise control has been extensive during the last
decade and is in a comnstant state of revision. Technical
papers consulted in the preparation of this report cover a
wide range of topics: sound attenuation ducts; noise fron
fans, grills, and diffusers; schemes for rating noise
cutput; machine design; vibration mountings for and
isolation of compressors and fans; ordinances regulating
air-conditioner noise; chiller noise and its impact on
building design; instrumentation for sound power
measurements; and standards for the measurement of noise and
vibration. The most extensive coverage available is given
in reference 7. '

HUMIDITY CONTROL

During the heating season, the relative humidity often
decreases to uncomfortable levels so that the moisture
content of the building air must be increased to maintain a
humidity level within the comfort zone. In contrast, the
cooling season often requires the removal of moisture.
Lowering the temperature of air can raise the relative
humidity to uncomfortable levels if the air is not
dehumidified.

Humidification

A gqualitative comparison of common types of residential
humidifiers can be obtained from the National Warm Air,
Heating, and Air Conditioning Association. The general
principles of operating the residential units are as
follows:

1. The basic pan is shallow but has a fairly large
area for evaporation and can be installed within the ajir-
duct plenum. A float valve control device connected to the
household water supply maintains a constant water level in
the pan. The electrically heated pan is similar to the
basic pan except that an electric heater is used to increase
the rate of evaporation. Pans with wicking-type plates are
arranged so that several vertical, water-absorbent plates
are added to the pan to increase the wet surface areca.
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2. In using wetted elements, air is circulated
through or over an open-textured, wet media. The
evaporation surface may be a fixed pad, which is wetted by
sprays or by water flowing through by gqravity from a header
at the top. The pad may also be a paddle wheel, drum, of
belt rotating through a water reservoir. Airflow through
such units is usuwally accomplished in one of three ways.

a. In fan-type units, a small fan or blower is
used to draw air from the plenum through the wet pad and
back to the plenunm.

b. In bypass units, fans are not used, but the
unit is mounted on the supply plenum with an air coannection
to the return plenum. The difference in static pressure
created by the main blower circulates air through the unit.

Ce Puct~-mounted units are designed for
installation within the plenum or ductwork with a drum=-type
element rotated by the air movement within the duct or by a
small electric motor.

3. In using atomizing-type humidifiers, small
droplets of water are introduced directly into the airstreanm
by a spinning disk or cone, which breaks the water into fine
mist; by sprays, which rely on water pressure to create fine
droplets; or by a rotating disk, which slings water droplets
into the airstream from a. water reservoir. Water particles
may evaporate in the airstream, if fine enouqh, or may be
deposited on the interior ductwork and subsequentlv
evaporate.

Dehumidification

Cooling air below its dewpoint is the usual method of
dehumidification and normally occurs as part of the air-
conditioning process. This dehumidification is adequate for
the madjority of applications. There are cases, however,
where there are very high densities of people in buildings.
For these conditions, additicnal dehumidification above that
provided by the air-cooling system may be required. This
dehumidification can be accomplished by compression followed
by cooling and expansion and ligquid and solld sorption or a
combination of these systems.

Compression followed by cooling and expansion of the
gas to be dehumidified will reduce the absolute moisture
content of the air but will generally produce a saturated
condition in the final low~pressure state. This method is
not economical in most cases. Dehumidification may be
accomplished by cooling or sorption, or both, depending on
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the requirements of the dewpoint at the point of use {refs.
8 and 9).

In liquid sorption dehumidification systems, gas is
passed through sprays of a liquid sorbent such as lithium
chloride or a glycel solution. The sorbent that removes
moisture from the gas stream is regenerated, and moisture is
emitted to an outdoor airstream when the solution is heated.
A partial bleedoff of the solution is used to continuously
reconcentrate the sorhent.

In solid sorption, granular beds or fixed desiccant
structures are used in automatic machines in which the gas
stream is passed through a granular desiccant. Many
commercially available desiccants may be used depending on
the character of the gas to be dried, inlet temperature,
moisture levels, and required final dewpoint. Outdoor air
is passed through beds or layers of the sorbent, which
absorbs moisture from the gas stream. After becoming
saturated with moisture, the desiccant needs periodic
reactivation.

When very warm air of high moisture content is to be
treated to produce cool, very dry air, dehumidification by
the two-stage process of chilling by compression
refrigeration followed by solid sorption may prove to be
more economical, in terms of space and power, than using
either of these methods. . R single solid sorption system can
usually be justified economically where low utility rates
permit inexpensive reactivation of the sorbent. In the
reheat air-conditioning cycle, the humidity control is
affected by the incoming cool air to a dewpoint
corresponding to the final desired air state. The air is
then reheated to the desired temperature.

Humidity Control Conclusions

The spray-atomizing system is one of the most promising
humidity control systems because of its low cost, simple
installation, low maintenance, and low power requirements.
The degree of dehumidification required varies greatly with
different applications and is one of the prime
considerations influencing the choice of the method to be
used.

AIR FILTRATION

There are a multitude of filtration devices
commercially available that are designed to perform a large
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variety of tasks. This discussion is directed to
applications of filters in the air-handling equipment for
the MIUS.

In selecting a filtration system, the primary
considerations are (1) arresting efficiency, (2} gquantity of
contaminant held before airflow resistance is detrimental,
(3) initial, replacement, and operating costs,

(4) maintenance required, (5) fire resistance,

(6) dimensions of the filter device, and (7) pollen and dust
lcads in the ambient air. Generally, the higher the
cleaning efficiency, the greater the resistance to airflow
and the higher the initial and operating costs. It is
unreasonable to select higher efficiency filtration systems
than the situation demands.

There are four common types of air filtration systenms
used in residential/industrial applications that might be
incorporated into MIUS. The systems are (1) fibrous media
unit filters, (2) renewable media filters, (3) electronic
air cleaners, and (4) sprayed media air cleaners.

Fibrous media unit filters operate by accumulating dust
on the media surface. These filters, which are usually
replaceable, are changed when the accumulated dust
'significantly restricts airflow. These filters can be
classified as viscous (cocated with an adhesive material such
as o0il) or dry. :

Renewable media filters are classified as moving-
curtain viscous impingement filters and moving-curtain dry
media filters. Both types can be motor or manually drivea
rolls that are wound on a takeup spool after use and then
discarded. ‘

Electronic air cleaners use electrostatic precipitation
to collect particulate matter. The term electronic air
cleaner distinguishes this cleaner from electrostatic
precipitation devices used in industry. This system is
suitable only for cleaning ventilating air. Two types are
produced for commercial use.

Ionizing electronic air cleaners generate positive ions
that adhere to dust particles carried in the airstrean.
These dust particles pass into a system of electrostatically
charged plates on which they are deposited. These air
cleaners are lovw-pressure drop devices for removing dust and
‘smoke particles. Cleaning is accomplished by washing
removable plates in hot water or placing rinse nozzles in
the system. A disadvantage of this system is that charged
particles not picked up by the plates tend to be attracted
to walls and other static-charged material in the living
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space, necessitating more frequent c¢leaning; arcing can
produce ozone concentrations.

Charged-media electronic air cleaners that consist of a
dielectric filtering medium arranged in plates as in a
typical filter combine features of dry filters and
electronic air cleaners. No ionization is used. The filter
media is in contact with an alternately charged and grounded
gridwork. The dielectric properties of the media are
impaired when the relative humidity exceeds 70 percent.

Two processes take place in sprayed media air cleahers.
The spray that passes through air alone compares to typical
low-efficiency dry-media filters. The cleaning process is
greatly enhanced by passing the air through a filter of
glass fiber or other capillary medium while that medium is
being sprayed. The air exiting such a cleaner systenm is
saturated with water (i.e., at the dewpoint). This dewpoint
can be controlled by the temperature of the spray water.

The gaseous pollution of the air is a primary concern.
No media filter or electrostatic precipitator can eliminate
this pollution from the air: however, water is an excellent
solvent for gases and is a cheap and effective means for
removing toxic gases and odors.

Sprayed media filters are relatively new, but
simplicity of design should allow for easy inceorporation
into MIUS. These filters offer a combination of advantages
not available in any other single c¢leaning method.

1. At least some of the gaseous pollution is removed
from the air.

2. For the quality of filtering, the air resistance
is low. : -

3. With a good flushing spray, there is no dirt
buildup on the media.

4, If the spray nozzles are not allowed to
deteriorate, the media replacement is nearly eliminated,
resulting in low maintenance costs.

ODOR CONTROL

To make living spaces more habitable, some method of
odor control must be adapted because undesirable odors
become more intense as living densities increase. The
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understanding and control or odor is at this time as much an
art as a science. Many odor control methods are being used
for a variety of applications. Odors can be removed or
controlled by ventilation, air washing or scrubbing,
absorption, chemical reaction, combustion, counteraction,
and masking {(ref. 10).

In earlier years, odor control in housing was
accomplished almost accidentally by infiltration. With
nodern construction, it has become increasingly necessary to
use positive control methods. This control is currently
most commonly effected by forced ventilation; the rate being
s0 established that the makeup air dilutes the odor to an
acceptable level. With the increasing pollution of outdoor
(makeup) air and the concentration of multifamily dwelling
units, more positive control may become necessary.

A combination of the odor contrcl techniques currently
being used may be applicable to MIUS. 1In addition to the
normal ventilation of air, air washing by a sprayed-media
filtration system seems to be desirable.

ELECTRICAL AND MECHANICAL CONTROLS AND EQUIPHMENT

A variety of heating, cooling, and ventilation control
devices will be necessary for use in MIUS because successful
operation (in respect to energy conservation) is dependent
on the coordination of sensing and control devices for each
component. A comprehensive description of pertinent
automatic controls is given in reference 11. Many excerpts
from this reference have been used to categorlze the
equipment for this assessnent.

Control mechanisms are divided into six groups
according to the source of energy.

1. In the self-contained system, power of the
neasured system is used to effect the correction action.

2. In the pneumatic system, compressed air is
supplied to the controller to requlate the pressure supplied
t0 the controlled device.

3. In the hydraulic system, a suitable liguid is used
under pressure to operate control devices where larger
operating forces are required.

4. In the electric system, either low or line voltage

is used directly or through relays. The energy supplied to
the controlled device is regulated by the controller.
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S The electronic system is similar to an electric
system except that the electronic amplifier replaces the
relay.

6. Various combinations of the aforementioned systems
are used for specific applications. :

The automatic controls for heating, ventilating, and
air conditioning systems may be subdivided into controllers,
controlled devices, and auxiliary control equipment. These
categories are further explained in the following listing.

1. Controllers

a. Thermostats
&) Room type designed for wall mounting

: (2) Insertion type designed for wall-duct
mounting with sensing element in duct

(3) Immersion type for pipes and tanks

(4) Remote=-bulb type where sensing element
is distant from thermostat ‘

(5) Day/night types for sensing and
changing daily operations

{(6)  Heating/cooling type for sensing and
changing seasonal operations

{7 Multistage thermostats for sensing and
operating sequential steps

(8) Submaster types controlled by master
thermostats for changeable functions

b. Humistats (room or insertiocn type}
{1 Wet-bulb thermostats
(2) Dewpoint thermostats

C. Pressure or static-pressure controllers
(nounted remotely or in the vicinity of the measured
pressure)

2. Controlled devices

a. Automatic valves
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(1 Single seated
{2) pilot piston
(3) Double seated or balanced
(4) Three way mixing
(5) Three way diverting
(é) Butterfly
b. Valve operators
(1) S0lenoids
(2) Electric
(3) Pneumatic
C. Automatic dampers
(1) Single blade
(2) Multiblade or louver
(3) Mixing
3. .Auxiliary control equipment includes such
apparatus as switches and relays of various kinds, clocks or
timers, thermometers, gages, pilot lights, transformers,
potentiometers, recorders, et cetera, to perform special
functions.
NASA RESEARCH AND DEVELOPMENT TECHNOLOGY APPLICABLE
TO THE MIUS PRQJECT
The following sections briefly highlight some aspects
of MASA research and development technoclogy.
Thermal Control
Advanced thermal control technology can be applied to
utility systems by using heat pipes, improved insulatioas,
and thermal coatings. Brief descriptions of processes,

principles, operational characteristics, and NASA use of
thermal control technology are included in table 11I.
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The basic heat pipe is a closed container that has been
evacuated of all nencondensable gases, contains a capillary
wick structure, and has a small amount of vaporizable fluid.
A boiling/condensing cycle is used in the heat pipe, and the
capillary wick transfers the working fluid from the
condenser to the evaporator (fig. 5). The heat pipe can be
used as a variable temperature controcl of a varjable
conductance device by the introduction of noncondensable
gases into the heat pipe and by controlling the pressure of
this gas by active or passive means. Further details of
variable heat pipes are discussed in reference 12,

The vapor pressure drop between the evaporator and the
condenser is very small; therefore, the boiling/condensing
cycle is essentially an isothermal process. The use of heat
pipes to transmit and distribute heat is imn the early stages
of application in utility systems. Heat pipes have been
used for transferring heat between inlet and outlet
ventilation ducts and for recovering heat from power
generation and equipment or furnace exhaust for use in
preheating, et cetera.

Because heat pipes have no moving parts, they can be
used as heat-transfer devices that have potential
applications within the home. Heat-pipe technology has
progressed significantly within the last few years.
Governmental organizations and private industry have
sponsored analytical and experimental progqrams for aerospace
use. Notable contributors to the recent heat-pipe
technology include Los Alamos Scientific Laboratory, NASA
Goddard Space Plight Center (GSPC), NASA Lewis Research
Laboratory, and NASA Ames Research Center (ARC). Heat-pipes
have been flown successfully on snmanned spacecraft (e.g.,
the application technology satellite). A variable-
conductance, constant-temperature heat pipe is being studied
by the ARC. A contract was recently awarded by the Lyndon
B. Johnson Space Center (JSC) for design, fabrication, and
analysis of two 15-meter (50-foot) circumferential heat-pipe
systems. The purpose of this work is to initiate the use of
the heat-pipe technology for large systens.

High-performance insulation materials were developed
for use on the current generation of manned and unmanned
spacecraft. This reservoir of desiqgn information and
hardvware provides a sound baseline for developing improved
insulation systems for housing and urban development
application (e.g., water tanks, pressure vessels, fluid
lines, air ducts, structure insulatjon, etc.).

During the past decade, significant advances have been

nade in the development of thermal control coatings to be
used for a variety of spacecraft requirements. These
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coatings may be applicable for controlling terrestrial
radiation heat transfer. <Coatings could be used on the
exterior surfaces ¢of a house and on radiative surfaces to
improve their performance. Most of the current thermal
control coating research and material development is being
conducted at the Marshall Space Flight Center (MSFC). This
effort is devoted primarily to the development of space
radiator thermal control surface properties with loag-time
stability when exposed to solar radiation. Additional work
is being done at the Jet Propulsion Laboratory, JsC, LRC,
and GSFC. Current thermal ccoating technology is directed
toward the development of coatings that can be cleaned
readily without degrading their thermal properties.

Thermal Enerqgy Dissipation

Brief descriptions of processes, principles,
operational characteristics, and NASA use of thermal enerqy
dissipation technology are given in table III. In addition,
space radiators have used conventional refrigerant fluids
{e.g., ethylene glycol, FC-75, water, Coolanol, and Freon
21}y. Therefore, the radiatcr technology that NASA Las
developed during the past decade is directly applicable to
radiant heating and cooling techniques that c¢ould be used in
homes and commercial buildings. Space radiators that are
capable of dissipating 2 kilowatts of thermal energy have
been used on Apollo spacecraft. Current NASA technology is
directed toward the development of modular radiator systens
that can accommodate a wide range of heat loads and a
variety of vehicle confiquraticens, In addition, development
of radiator heat~-rejection systems capable of dissipating
approximately 1000 kilowatts of thermal energy is being
pursued. These investigations will provide information on
various heat-rejection design concepts such as fixed and
deployable radiators (sleeve type, folding, or louvered
type, etc.), condensing and noncondensing fluids, various
fin geometries and fin-type system configurations, and the
design and operational requirements associated with each
concept. Compatibility of high-temperature structural
materials and coolant fluids with long lifetime capability
is a paramount problem that is being studied. Black-body
radiators (solar thermal absorbers) that have been studied
and tested by NASA may have applicability for use as
terrestrial solar heat collectors. Under recent MSFC
contracts, the use of solid/solid phase~change materials for
space thermal control was investigated. Specific new
materials that can be used as phase-change thermal control
materials were defined, selected, and evaluated. They may
have direct application in storing energy to minimize peak
power requirements.
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Throughout the space program, conventional fluids for
heat-transport thermal-control circuits have been used in
space vehicles. This reservoir of information on fluids and
plumbing technigues provides a sound baseline for the
development of fluid-circuit design for housing and urban
development use (e.qg., improved valves, integrated fluid-
circuit desiqn, etc.).

Refrigeration techniques including thermoelectricity,
vapor compression, absorption, and adsorption have been and
are being studied and tested by NASA. Mahy companies are
currently investigating the use of thermal-electric devices.
This work involves the entire spectrum of activity from
small-scale research to the development and marketing of
commercial generators and coolers. Several companies have
developed thermal-electric devices for such applications as
cooling devices for use as low-temperature spot coclers for
electronic components and refrigerators. The MSFC has built
a small cooling system for laboratory evaluation.

Environmental Control

Brief descriptions of processes, principles,
operational characteristics, and NASA use of environmental
control technology are given in table IV. As in a room on
Earth, ventilation is required in a spacecraft.
Independently located fans and air returning from air-
processing equipment provide ventilation in spacecraft.
Test programs have been conducted at JSC to develop optimum
a@ir-circulation-analysis technigques that will provide
adeguate flow distribution throughout the room (to eliminate
dead spaces and drafts) with minimum fan cicrculation
requirements, which will result in minimum power usage.
Development of analytical techniques for the design and
optimization of low-noise, high-efficiency fans have been
conducted at JSC. In addition, noise abaters, which caan
probably be used in household designs, are used in
circulation ducts to reduce the noise levels.

Temperature and humidity control are normally regulated
by fans and heat exchangers, not only in spacecraft but also
in households. 2Analytical techniques have been developed at
JSC for the design and optimization of heat exchangers. 1In
addition to condensing heat exchangers, desiccants are being
investigated as a humidity control technique for the Space
Shuttle Program. Desiccants have been used for many years
by NASA as part of the carbon dioxide collection techniques.
Desiccants absorb water when cooled and release water when
heated; thus, this technique of humidity control may be
useful in households because of the availability of hot and
cold water. Condensed water in a dehumidifier must be
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collected and disposed of on Earth and in space. Several
vater separators have been developed, tested, and flown by
NASA, including devices using hydrophobic/hydrophilic
surfaces, rotary or vortex generators, and external wick
separators. If condensed water is recycled, any of these
techniques can be used.

The processes for controlling gaseous c¢ontaminants in
air are generally divided into sorption methods, which
remove certain constituents, and oxidation methods, which
convert certain constituents into innocuous materials (table
V). To confirm performance of either of these processes,
neasurement and detection methods are available for
monitoring trace gases. Some of the pertinent NASA
experience associated with these activities is described in
the following discussion.

The major method of odor removal is by sorption. The
active materials usually used in this process include
activated charcoal, silica gel, aluminum oxide, or potassium
permanganate. Several programs on charcoal development
ranging from basic materials screening evaluatioans to
methods for reusing spent charcoal have been supported by
NASA. These activities have produced methods for vacuum and
thermal regenerations of charcoal. Currently, NASA is
involved in a joint program with the Water Quality Office of
the Environmental Protection Agency to evaluate
experimentally an electrochemical method of charcoal
reqgeneration. If successful, this research is expected to
produce a charcoal regeneration method that will be useful
for rapid regeneration of large amounts of material. For
trace contaminants that are not readily removed by charcoal,
chemosorbent materials such as copper sulfate or potassiunm
permanganate are useful. The NASA investigations of
chemosorbent materials include both laboratory material
evaluations and design and testing of prototype sorber
units.

The NASA has conducted programs in catalyst selection,
preparation, fabrication, and testing of the area of
catalytic oxidation of trace contaminants, which include
prototype units. Testing has involved small-scale
laboratory evaluation and operation of units in manned
chamber runs. The results of these activities have
established a technical base in catalytic oxidation that may
be useful in ventilation airflow and cleanup of flue gases
from incineration or heating units.

The NASA development in atmospheric~trace-contaminants
monitoring equipment has produced prototype and flight
hardware. A carbon dioxide sensor, flown during the Apolloc
Program, has potential as a household fire-warning device.
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Automated monitoring prototype instrumentation using mass
spectrometer and gas chromatographic techniques has been
developed for a wide spectrum of trace contaminant gases.
Such measurement would be useful in determining proper
operation of odor control equipment or when changeout or
regeneration of sorbents should be performed.

The NASA has conducted numerous manned integrated
environmental thermal control and life-support system tests
in vacuum chambers for periods as long as 90 days. These
tests have provided NASA with insight in the area of
acceptability and maintainability of water reclamation
equipment that could be used to reduce household water
requirements.

CONCLUDING REMARKS

Although numerous methods are available for producing
air conditioning, this survey indicates that the types of
air-conditioning chillers in common use today are highly
efficient devices, and both single-stage absorption ang
compression chillers will probably be used in a modular
integrated utility system. There does not appear to be any
requirement to develop new devices for heating, ventilation,
and air-conditioning auxiliaries in the modular inteqgrated
utility system program. Some previous NASA experience in
thermal control may be applied in this progranm.

Lyndon B. Johnson Space Center
National Aeronautics and Space Administration
Houston, Texas, December 21, 1973
386-01~-00-00-72
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TABLE 1.- IOTAL LWERGY FACILITIZS?

Pacility anld Numher ot Flime ROY2LsS, nusher HEEE RS T VL 2o o) senerating Air-conditioning
location aparctm=nts and type sethod capacity, kW mzthoid

Meadowlack 500 Foul yds £0gin=s Stram fros wigine 1160 Absorptaion
Kansas Lity (Cummings)
Kansas
Indian Creex €4 Huy Five a3 eLylles » Hot watar rrom 2nyine a 40y Absorption
Johnson County {Fairbanks/Morse)
Kansas
Geargyetown “uy Lo Jds 2Ngiltes 3team from enhqine SO0 Absorption
Merrian {Caterpillar)
Fansas
villa dzd1a 590 Inres 4as €iy4ies Staam from éhgine 1 050 Absorption
overland 2Park (rdUKES0A )
Kansas
¥ingate 1 200 zlynt ~ngihss Stedn LTOm SNQine 3 6Q0 Absorption
Indianipolis {Caterpillar)
Indiana
Co-0p City 15 404 Oz st=4am turbinz: Nons (% Centrifuagal
Haw York
New York
FochJdal:: Villaye 5 Bud I'éo Sredm tulbines Nouna 19 5udu Absorption
New York iwestinghouse) {bleed
¥av Yark TWo Jdual-tuel zagines stean fron

{Wurtnington) turbine)
Twin Firuss 3 949 dacee dual-tucl cugiues | Steam Lrow =ndines 17 0oo Centrifugal
Naw York {Nordb=rqg) zxnaust
New York I'ao 5team turvinas

{oenzral gléctric)

fHot and cnilld watsr was used in the heating and cooling systess ot all the
2anly 50 units have baen completad.
¥lapacity ot turbane 15 TS00 kYA, put village uses purchasad power.

total energy facilities,
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TABLE 1l.- THE4AAL CONIROL TECHNOLOGY

Principl-

ileat pipes

The 2uclosdre COULALllLS 4D

nperaticnal characterisctics

NASA us-2

insulations

Thermal coatings

int+~tial capirllary wlck stouc-
ture and a liquia in 24qualio-
vium with its vapor phase.
The liguid @vapop4tas at tie
hat -=na of tu? pipe (LVAPOLa-
tor), while tn- vaipor Llows
to the culd wud of the pLp=2
(condunsol) amd condehs-is,
[he condensate is then pull xa
back to the wvapurataotr by tus
capirliary action ot the Wick.

High~pertutmanc: insulativt LS
used to Ceduce the structugal
nedat leak to tie sRtrebheé
SPACs 2nvaironment,  Use oL
insulation L-quilfe5 a vivuun
SR¥Lronmant prassur= of loss
than 10=% tori.

Coatings 4C2 SuCtacs Meterliald
rhat maintain the Traguir=zld
thermal-rddiative ChacactsL-
1stius fsolal apsorptence aLa
intrarai total a=mispnecicil
~aittilc=) LY CausIhy th.
varioUs sSUrfacsd aizas to
sorcb ang amit szlacteu
AMOUNLSE ot tneChal 2nerygy.

ab=

The hoat pip2s operate nearly
isothermally, hava hign ther-
mal efficiengivs, have no
mcvihg parts, 4and 4re highly
r=liapls. D2s5idn 15 con-
straina:d by gqravity, ard
variable ganducrance control
is a prooloen.

124t lost: 3.15 &/nm?
(1 Brushr £t2}
Weiqht: 0.26 ky/m2
(0. 25 lbsixZ)
{polyestar tils 3.175 aicrom-
=tars (1s4 oil))
Wolght: 0.d4% kgsm2
(0. ¥4 lbr/rt2)
{polyimide film 12.7 nicrom=
2eaps (1,2 w1l})

Zadtings proviie thaermal con-
+raol ¢r a4 spdacecratt in a
¥ ICUUE ovirahment.

Heat pipes arle nsed in the
othiting astronomical wbsarv-
atory and aoppliication tech-
nology (ATS-E) satallites.
Variable conductance,
constant ~teaperature heat
pipas, and heat vipes ror low=
tempaerature (311 K (100° F))
and high-repperatuce (422 K
{100® F)) radiators for laras
systzas (100 k%) are peina
investigated oy NWASA.

high=perrormance insulatiagn
sys5tan was usaed on Apolle and
Skylab spacecraft. The HNASA
is developing insualation
pancls that maintqain stable
thermal propertiaes for 10
y2ars or mor= and reduce tha
peat luss by o0 p2rceut.

Coatings ar2 used an all space-
cratt tor not, cold, and
vacuum eavironpants. The NASA
18 developing stable low
alphasepsilon radiator
caatings.
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TABLE [li.-

[HERMAL ENEBRGY DISSIPATION

tperational characteristics

NASA us2

PCOC-2s5sS

Prinéiplc

Previous NASA experience is dis-

kadiaters

Fluid caircuits

Theraoel :ctricity

Ihzrmal ener4gy i1s rejzcted frum

a surface that nus higyn emis-
31¥iTyY (approximately Q.9) and
low so0latr absorptivity (dpproxi-
aataely J.2) by 3 punpad fluid
circulating turcugh rinned
tybis attachnzd to tae radiating
syUrtacs., 30lar absorbers
{tlack-vody tadiatois) collaect
solir tharmal energy by
radiatian usiny mat=iials wito
low #mlssivity (appfuxibately
J.2) anid high soldr abgerptivaity
(approximately 0.98) prop2rti-s.

Inermal eneryy is transierled
tron onz lovation to anotiher

LY punmp2d tluids,.

Th= Peltiac errzct ot h= and
p-t¥p® S2DLCCRAUCTLON iS us=a
in coolers. Wien a current
13 suppli=d wo two dissimailar
metals, nedt is tramrsport:m
trum tnz lowstzopolatupe
junction to the higner tem—
PEL4t UL T3UldLoL.

current concepts are discussed
in table IV, Materials

{2« 9., wax) are used to store
tnaredl energy. A pumped
fluid circuit may be used to
transfer the energy to a heat

sink.

Fluiis with good heat transier
chardacteristics that are non-
toxitc ahd NONCOrIOsive are

deasirabla,

ine use of therma=lectricity
providas exczllent relia-
hility (no meoving parts), out
thara is no utilization aor’
waste hadr. ZItticicncy or
th2 system drcps rapidly
with increasing tegperature
182 p2rf 5tage or increased
number of Staqes. The system
Ttequiros high power.

cussed 1n table IV. Hodular
radiator panels that have a
desonstrated load range of
approximately 20041 and a ca-
pacity for staqnatien centrol
are in the developmEent process
at J5C. A hybrid concept of
using a bigh-teat and a low-
heat capacity fluid is also
oeing studied. The NASA bas
investigated concepts for
tor use of these radiators

on space stations.

Commercial refrigerant (ethvlene
4lvycol) and water circuits
have been used during the
Gemini and Apollo Proarams.
The MA3A has used many cefrig-
arant fluids including
coolanol, FC-75, and fluoro-
carbons that are used commer-
cially and bas developed th=
NecCeS54CY COBPONants {e.qg..
pumps, accumulators, valves.
etc.) to pump the fluid.

use of thermoalectricity has
been liwmited. Units with a
capacity gqreater than 1300
kilograms ({2 tons) are being
developed commercially.

Tua
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TABLE 111.- [HEEkMAL

ENZHGY D1SSIPATION = Concluded

Procass

Principle

dperational charactaristics

NAGA usa

Yapor COBPL2SS100

Vapar absorption

Yapor ibsorptian

fluid absorbs agat, vaporiz:is,
15 Cobpressed, Lejects an2at,
chalyeS tLoD gas t6¢ liquid zn
condensap, and is throttlaa
to a lover pressuce by an
zXpaasion valve. External
powrl i3 proviged by a
nechanical complusSUl .

In the two-prassdle, neat-
operatad cycle, a vapotiziol=
ligquid is used as the refrig-
<rant, 4nd a secona liquad
thdat hds 31 higb atftinity ror
the reffigerant 15 used 48
th~ absorbznt. Heat additiun
15 rzquared for tne absorp-
tion cycle.

30lids with a lara= surface
arfa are 2xpused to a vdpor
causing 4 taab layer of con-
densz2d vapor tc form on the
SUrtacwe. The amount of vapol
adsorbed at i low tenpelatuie
decreases With Lbhcreasing
temperatuce; therafore, vapur
adsorban at a low tewmperature
cal be aLiven off at 4 hlgu=r
tebpeLature.

An abundant supply of power is
requirad, Waste heat is not
used unless it is combinad
with 4 power crvcle.

aste heat is used effectively.
Pawer requirepent is lov be-
canse no compressor is needed.
dater solutions such as litn-
ium bromide and watar are
comapnly usel.

waste h=at is used verv effec-
tively. Thar= is lamitged
flexibility of tluid and ad-
sorbent sclection. This
process is a cyclic aperation.

fhis process is vidaly used in
hame and commercial applica-
tioas including asrospace
{KBs-70, DC-8, and Convair
H80). A prototyp2 unit was
developed by NASA for lunar
surtace and spacecratt
"applications.

rhis process is widaly used
compercially whera waste heat
is available, includioa sub-
marines. A laboratory model
af a gravity-indzeendent umit
is being tested for NASA.

Adsorbents {e.qg., silica gel and
mola sievas) have been eval-
gyated, tested, and used by
NAsA in svYstems operated
cyclically by using vacuum and
heat fof desorption.
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Lh

Pracess

TAHLE iV.=-

Principle

EXVIROSMENTAL CONTRUL

Ventilation

Opuerational charactepistics

_HASA use

Iapporature control

3=nsinl? heat
axching.r

structucal
iasulations

Humidi*y control

Cond~asing aeat
FAChALG. TS

beSaccalits

Condengats
collection

Alr is circulatad to provide
ev2n tlow distcibution, to
minimiz= tracts, to <liminat
deai A1T Sbaces aha locdl
ouildup at altborne contums-
tialit.

Ligquil=-tu-dd:i hoat £XCwdlidars
provide a=iting o cooling ol
RAL LE Tid ARL PAuses toiougd
the Cullbua

insulation Ln structural walls
‘panzively cottiols raon
TomMpTALUT .

Liauid-ta-715 Ccoundensing ndit

~¥ChalyRbs ool The alf puass=
ing over ti: eoils beivw fua
alr d-WpolLt toRPoLitUL.

duslccant is o Ch=alcdl cuw-
pousd capable of adsarbing
ar r=acting con=pically with
tie @oLsture contained in
the ALL.

Maistur= gondensad by tue aw*
humidification troe tiue at-
mosphere is collected.
fuvic=s include hydrophobic/
hydrophilic surtaces, rotary
O VOLtcX J=parators, and
GEtArnal Wick S2paratols.

lisgh=spead, contrifugal-riow
CCRPressors with axial de-
livary uand low sp=ciric
speed, centrifugal rans are
uied in spacecratt. although
tha CoMPLAsBOTS are higbly
afficient, hoise lovels are
4 problam,

Candensation within tas heat=--
sachany-r cors suuvald b2
minimizad,

Jarticulata filtering o the
inle* 4us stroam and collec-
tign ¢l coudoisats is
maquired.

Heat Is reguir2d tor Jdeserp=
tion. T[his process is a
cyclic oparation.

Collection davices muist be
continuously wet and are
subqiect to mictobial growth.

Independently located fans and
air ra2turuing from tha aic
processing equipmant provide
vyentilation im Spac=craft.

The KASK has conducted test
proygrsns On Air circulation in
roons 4nd has developad ana-
lytical techniquas tor the deo-
sign and optimizatiob or
lew-thoise high~efficiency
tabhs., Noise abatars airc beinq
used op skylab ta raduce fan
noise. '

‘Sensibls heat exchangers have
been usad on Gemini and Awollo
spacecratt. Analyrical each-
nigues have bez=p Jdev=2loped by
HA54 fur the dosiqn, optimi-
sation, and ofr-dasign
analyvsis of maltifluid soasi-
ble wedt exchauhdgzrs.

Tuis teciuhiguz Las baen used an
Skvlau.

Condebsing heat egchangers- have
been used on cemini and Arolle
gpacecraft. abalyvical
techniquas have buen develaoped
by HASA fEor tue dasian, opti-
sjization, and oft=-desiahn
analysis of wat=-yas haat
SACUAUYRT S

Prototyp:s desiccant systoems
have been developed and
twsted by NASA. Coapounds
uszad include 'silica aqal.
zeolites, and aceivatad
alusina.

In the Marcury vehicle, a sponda

was usad in the gas straam.
Centrifugal and intearal wick
depacators were usad in the
Gamini and kpolla spacecraft.
The tdce wick concept is
currently being developed.
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TABELE V.= AlH PURIFICALLlON PROCESSES ANKD INESTRUMENTATION

Procass

Princivle

Jpsrational characteristics

NASA usa

vdor resoval

Catalytic oxidation

jorption

a5 chromatoqraph

Carbon dioxide
sepsor

04ors ara ramaoved Lrom the 4as
str«am by adsurption on acti~
vated charcoal,

Low~nolecular-v2ight comEpounds
can he2 remsov=d froms an air-
stream by oxidation over a
palladivm on alumina catalyst
vparating dbove 561 & (5309 ry.

Hiago=-moleculat-velynt compounds
can bz removed £rom a0 alb-
StrC=am 0y Sorption. Matarials
that can be used include
litnive hydroxade and cappet
,aylfatea sorbeads.

Heliuwa is wsel a5 a carrier Jas
in this multicolumsn instru-
m=nt, Th2 gds sample sapa-
rates 1lts constltuents within
th= columus, and a detrsctor
indicatas ths cobdcentratiuvn.
The tiae required tof tne
coustituyint 1o eLter the de-
tector indicates which coustirc-
uent is prescnt.

This sansor 15 an clecetroCcha2mL=
cal (pH) sSensing ciloment.

Activated charcocal is an eftec-
tive adsorbent for many ot-
qanic materials including
hydrocarbons.

Catalytic oxidation requiras
spacial sorboents for various
compounds that cahnbot be
oxidized; it also r=quires
2lactricdl power.

Sorption is used to romove
Jases formed jin the catalytic
oxidation process.

The Jdetector output is propor-
tional to tha partial pras-
sura af =ach constituent.

Bang2: 13 to 4000 pascals
: {0.1 to 33 zmnilq)
Temparature: 275 to 122 K

{359 to 1209 F)
vpsrating life:; 3000 hours

tdor control was usad on Mercurvy,
6emini, and Apollo spacecraft.
The NASR is developing reaen-
erable charcoal coacepts.

The NASR has developed and
tested various experimehtal
modals. Similar units bave
been used on submarines and
aiccratt.

Prototype units have been dewel-
oped and tested by NASA.

A prototype unit is being da-
veloped by HASA.

rha seasor bnas been used on tha
Apollo life-support system.




Thermal
storage

Space-heating

Building ventilation system

supply Odor, humidity, noise,
and filtration control
Heat recovery . {
4 .
Thermal
storage
_ Boiler
_____ - —1 :
| —a| Chiller system
} -{ .
Power generator i Electricity
|

MIUS power
generation eguipment

b — — —— — 1

Figure 1.- Block diagram
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Heat-rejection
equipment

of the MIUS HVAC,



0S

Low-pressure

refrigerant vapor
-

Compressor

High-pressure
refrigerant vapor

-

Work (heat of compression
added to refrigerant vapor)

4
Prime
Warm medium mover
(air or chilled
watet) in
Evaporator Heat rejected to
’ refrigerant by
cooled medium;
- refrigerant evaporates
Cooled
medium
out

Expansion valve
for reducing pressure

Heat removed from
refrigerant by
heat-removing
medium; refrigerant

liquefies

p
Cold coolant
(air or water)
in :
Condenser
e—— N
e
Warm
coolant
1 out

—

High-pressure liquid refrigerant

Figure 2.- Vapor compression cycle block diagram.



Concentrated solution
{lithium bromide}
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RSO Stearmn or hot water
/ -] control valve

Generator

e Steam
R R R R or hot ——

......... ot I
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Condensate of hot g'

water réturn a

chamber

f,«'gl E‘gé
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Eductor
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“\\\\\\}1&\\\

Solution Refrigerant
pump pump

Salution valve (optional)

Figure 3.~ Schematic of basic absorption cycle.
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Supplemental Air at Final
Alternate 1 heater (strip temperature
| heater warms >
air to final
Recovered heat Fan coil unit temperature)
from prime mover t
- Partly warmed air
Cold air in . y . Electricity

environment

€S

, Exhaust to

Supplemental
heater (hot Air at fFinal
Alternate 2 | combustion temperature
™ gas warms
air to final
temperature)

[ 3

-

Fuel burner

Fuel

Figure 4.- Building complex supplemental heating block diagram.



Heat input Heat output

Wick
r © !—Vapor flow

\
\— Liquid return

Figure 5.- Schematic of heat pipe.
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